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POSS  =  Polyhedral  Oligomeric 
Silsesquioxane:  General  Synthesis 
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POSS  =  Polyhedral  Oligomeric 
Silsesquioxane:  General  Synthesis 


Polymerization  in  traditional  systems  (styryl, 
norbomyl,  methacrylpropyl,  etc.) 
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Anatomy  of  a  Polyhedral  Oligomeric 
Silsesquioxane  (POSS)  Molecule 
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The  maximization  of  property  enhancements  in  polymers  results  from 
interaction  at  the  nano-level  (Edwards  AFRL/PRSM  — >  ROSS  monomers) 
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Technology  Transfer  =  Scalability  =  Price  Reduction,  Sustainability 


Plant 

t 


Time _ 1991 _ 1994  1998  2000 

Quantity  <  50g _ 2-5  lb _ 20-40  lb _ >  400  lb 

Price  ???  $  1000-5000/lb  $  1000-5000/lb  $20-250/lb 


999  2000  200 


POSS  Diversity 


>  s. 

+-»  >1 

C  X 

—  0)  0) 

^  ai 

3  O  0 

■goo 

g  >  > 

J2GO 

ii 

o' 


■+■»  >» 

c  X 

0  <D  — 

^  o  r  ^ 

+-»  —  —  ^ 

3  0  0  0  — 

^  O  O  5  ? 

g  >"*  g  *-» 

»  O  O  J£  LLI 


QZ 


CO 

0 

CD 

CD 

O 

0 

CM 

T~ 

h- 

> 

0 

—  c 

0 

L_ 

o 

T— 

>  0 
■  mm  mm 

0 

Q_ 

>  a. 

ii 

0 

■-X 

00 

^5 

h- 

>, 

O 

a. 

(T 


cr 


*■5.1 

c  c 

0  0 


o 
o 
o 

J2  QL  DL 


0 

C 

0 

o 

0 

■o 

ro 

o 

O 


+■»  >» 
c  X 
—  0  0 
-  ^  a  J3 
3  _0  _0 
+-  -g  O  O 

®  g  >  > 

§  <200 

ii 

Q£ 


0 


E 

o 


>  o 

C  3 

0  5= 


■C  ‘Z 
Q-  I- 

II 


Nanostructured  POSS  Chemicals 
Physical  Form  of  Products 


Global  Sales  of  NanostructuredT  Chemicals 
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POSS-Polymer  Blends  for  Air  Force 

Applications 

•  GOAL:  To  increase  the  performance 
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POSS-Polymer  Blends 

Why  Use  Blendables? 
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without  requiring  expensive  replacement  of 
processing  equipment 
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Importance  of  Organic  Side  Groups 

50  wt  %  Cp8T8  in  2  million  mol.  wt.  Polystyrene 


TEM  image  clearly  shows  formation  of  immiscible  POSS 
crystallites  (20-50k  molecules) 

Film  is  Cloudy 


Importance  of  Organic  Side  Groups 

50  wt  %  Cp7T8Styryl  in  2  million  mol.  wt.  Polystyrene 


rEM  image  shows  significant  decrease  in  size  of  crystallites 
Film  is  Cloudy 


POSS  Blends 

Importance  of  Organic  Side  Groups 

50  wt  %  Phenethyl8T8  in  2  million  mol.  wt.  Polystyrene 
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•  Demonstrated  Complete  Compatibility! 

•  Grey  domains  represent  miscible  POSS/polystyrene 

•  Black  dots  are  POSS  crystallites  (<100  POSS  molecules) 

•  Film  is  Clear 


Time  (min) 
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Mechanical  Data  on  Me8T8/i-PP 

Prof.  Andre  Lee  -  Michigan  State  University 
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The  above  data  (other  than  Dow’s  data)  is  an  average  of  at  least  10 
samples  for  each  test  with  acceptable  $.D.  of  5%  or  better. 


Summary:  POSS-Polymer  Blends 
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Distortion  Temperature  of  25  °C  is  observed 
Processing  issues  can  be  critical 


POSS  Application:  Develop  Multi-Functional,  Space- 

Survivable  Materials 
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FEP  Teflon® 

Nanocomposite 

Nanocomposite 

Nanocomposite 
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•  Self-Passivating/Self-Rigidizing/Self-Healing  based  on  nanocomposite 
incorporation 
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POSS  Polyurethane 


XPS  Survey  Spectra  from  a  60  wt%  POSS-PU  (a)  after  insertion  into  the  vacuum  system,  (b)  after  a 
2-hr  (c)  24-hr  and  (d)  63-hr  exposure  to  the  hyperthermal  AO  flux,  and  (e)  3.3-hr  air  exposure 

following  the  63-hr  exposure. 


POSS  Siloxane 


(spn  AjEJnqje)  (3)n 


XPS  survey  spectra  obtained  from  a  solvent-cleaned,  POSS-PDMS  film  (a)  after  insertion  into 
the  vacuum  system,  (b),  after  a  2-hr  (c)  24.6-hr  and  (d)  63-hr  exposure  to  the  hyperthermal  AO 
flux,  and  (e)  4.75-hr  air  exposure  following  the  63-hr  AO  exposure. 


(s*mn  Ajejiiqje)  (g)N 


Binding  Energy  (eV) 

High  Resolution  Si  2p  spectra  obtained  from  a  solvent-cleaned,  POSS-PDMS  film  (a)  after 
insertion  into  the  vacuum  system,  (b),  after  a  2-hr  (c)  24.6-hr  and  (d)  63-hr  exposure  to  the 
hyperthermal  AO  flux,  and  (e)  4.75-hr  air  exposure  following  the  63-hr  AO  exposure. 


Screenin 
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•  Si  to  O  ratio  is  1:1.5,  proven  to  oxidize  up  to  v.z  ioiuzj 

•  Tailorability  of  POSS  monomers  improve  physical/mechanical 
properties 

•  Capabilities  for  Large  and  Small  scale  testing  (Hybrid  Plastics) 


increased  melt  temp 


In-House  SRM  Insulation  Testing 

Low  Cost/Low  Volume  Materials  Screening 
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Igniter  '  Nozzle 
Backing 


STATION  NUMBER 


STATION  NUMBER 


Summary  -  Applications 
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